The purpose of this study was to investigate the operative results and the clinical outcomes for octogenarians who underwent cardiac surgery. Twenty consecutive octogenarians who had cardiac operations at Samsung Medical Center from October 1994 through December 2004 were included in the study. The medical records were retrospectively reviewed and the follow-up results were obtained by the interview. The patients were 15 men and 5 women, and their mean age was 83.1 yr (range: 80-89 yr). The surgical priority was urgent for 5 patients and it was elective for 15 patients. Coronary artery bypass grafting (CABG) was performed in 14 patients, valve surgery was performed in 4 patients and CABG plus valve surgery was performed in 2 patients. There was one hospital death on day one after urgent CABG in an 80-yr-old man who had left main coronary artery occlusion. There were three deaths during the follow-up. Sudden death occurred in one patient at 2 months after valve surgery, and there were two non-cardiac deaths at 12 and 14 months, respectively, after CABG. Non-fatal postoperative complications occurred in 2 of 5 urgent patients and in 3 of 15 electives. The survival rate for the 19 hospital survivors at 24 months after surgery was 80% and the mean follow-up period was 22.5 months (range: 1-58 months). In conclusion, cardiac surgery could be performed within acceptable limits of the risk and its long-term results could be expected to be favorable for the octogenarians.
INTRODUCTION
As aging of the population is a current global phenomenon, the need for cardiac surgery is increasing for patients who are aged 80 yr or older. Although several studies have shown that cardiac surgery can be performed safely on octogenarians (1) (2) (3) (4) (5) (6) (7) (8) , very little information is available on the Korean octogenarians. The purpose of this study is to assess the clinical features and outcomes of the cardiac surgery performed on Korean octogenarians.
MATERIALS AND METHODS
Twenty consecutive patients in their 80th year of life or older who underwent cardiac operations at Samsung Medical Center from October 1994 through December 2004 were included in this study. Their medical records were retrospectively reviewed and follow-up information was obtained from these patients during their visits to the outpatient clinic or by telephone interview. Follow-up data were available for all hospital survivors and the mean follow-up period was 22.5±4.0 months (range: 1-58 months). The postoperative complications included myocardial infarction, stroke, congestive heart failure, respiratory failure, renal failure, any rhythm disturbance requiring pacemaker insertion and infections such as pneumonia or wound infection. Myocardial infarction (MI) was diagnosed if there was a new Q wave on the ECG or if there was elevation of the cardiac specific enzymes (CK-MB or cTn-I) in association with persistent ST segment changes. Stroke was defined as any central neurologic deficit lasting for more than 24 hr along with the consistent radiographic findings. Congestive heart failure was diagnosed if pulmonary congestion was found on the physical examination or on the chest radiography films. Respiratory failure was defined as any pulmonary insufficiency requiring mechanical ventilator support for more than 48 hr or if reintubation was necessary. Renal failure was defined as the progressive deterioration of renal function requiring hemodialysis. Pneumonia was defined by the clinical diagnosis with positive cultures of sputum and blood, or if there were radiographic findings consistent with pneumonia. Wound infection was defined as the incision site infection related to the operative procedures with a positive culture or if the infection required antibiotics treatment. The preoperative left ventricular function was assessed by echocardiographic examination. Operative mortality was defined as death within 30 days of the initial operation. The priority of the operation was classified as urgent or elective according to its evaluated clinical condition (elective vs. urgent). Urgent operations were defined as operative procedures performed in those patients whose accelerated symptoms and hemodynamic instability prompted urgent hospitalization and surgical intervention. Statistical analysis was conducted with SPSS version 11.5 software (SPSS, Chicago, IL, U.S.A.). All continuous data are expressed as medians with ranges, and the length of hospital stay was compared by the Mann-Whitney test. The results were considered significant at a level of p<0.05. Survival was determined by the Kaplan-Meier method.
RESULTS
The preoperative clinical characteristics of the patients are listed in Table 1 . The associated risk factors included systemic hypertension in 8 patients, diabetes mellitus in 4, previous stroke in 1, previous myocardial infarction in 5, chronic renal failure in 1, and current smoking in 4. Symptomatic peripheral arterial occlusive disease or severe chronic obstructive pulmonary disease was not found in any patient. Nine of 20 patients (45%) presented with congestive heart failure, and 6 of them had pulmonary edema. Six patients had significant anemia with a hemoglobin level<10 g/dL. All surgery procedures were performed through a median sternotomy, and intermittent cold blood cardioplegia (antegrade or retrograde according to surgeon's choice) was used for myocardial protection. The clinical characteristics of operations are summarized in Table 2 . In 16 patients with coronary artery bypass grafting (CABG), cardiopulmonary bypass (CPB) was not done in 11 patients (69%) during the operation. For anastomosis of the left anterior descending artery, the left internal thoracic artery (ITA) was used in 13 patients, and the right ITA was used in the remained 3 patients. Additionally, saphenous vein was used in 4 patients, radial artery was used in 2, and a right gastroepiploic artery was used in 1. Among the 6 cases of valve surgery, there was one redo case. An 87-yr-old woman had a repeated mitral valve replacement (MVR) with a 29 mm Carpentier-Edwards porcine bioprosthesis because of perivalvular leakage of the previous 31 mm ATS valve at 94 months after MVR. A preoperative intra-aortic balloon pump (IABP) support was required due to hemodynamic instability in 2 of 5 patients that underwent urgent operations. Besides those 2 patients with IABP, 17 patients received temporary preoperative intravenous inotropic support. For the 15 elective operations, postoperative complications occurred in 3 patients (MI, renal failure and respiratory failure combined with transient complete AV block that required temporary pacing, respectively). For the urgent operations, 2 cases of postoperative complications developed (one incurred respiratory failure, and one had a combined morbidity with MI, leg infection, pneumonia and respiratory failure). The postoperative complications are shown in Table 3 . The length of the total hospital stay and the postoperative hospital stay were longer for the patients with postoperative complications (p=0.041 and p= 0.018, respectively), and the intensive care unit (ICU) stay was prolonged for patients with urgent operations (p=0.020). The length of the hospital stay is summarized in Table 4 . There was one case of operative mortality. An 80-yr-old man with acute myocardial infarction had urgent CABG because of cardiogenic shock with left main coronary artery occlusion. He died one day after the operation due to the cardiogenic shock. The mean duration of follow-up for the 19 hospital survivors was 22.5 months (range: 1-58 months). There were three deaths during the follow-up (Table 5) . One male patient died suddenly 2 months after double valve replacement sur- gery of the mitral valve and aortic valve. He had no preoperative risk factors except smoking and he was discharged from the hospital without complication. A second patient died of pancreatic cancer 12 months after CABG and the patient experienced no further angina after discharge. The third patient died 14 months after CABG due to complications from a traumatic subdural hematoma. The third patient was also free of cardiac symptoms during the follow-up. For the 3 late deaths, the causes of death were not related to cardiac problems in at least 2 cases. The survival rate at 24 months was 80% (Fig. 1) .
DISCUSSION
With the progressively increasing population of the elderly, the need for cardiac surgery in elderly patients is rising.
However, the clinical results of cardiac surgery for octogenarians are still under investigation (7) (8) (9) (10) (11) . In 1985, Rich et al. reported the results of cardiac surgery in 25 consecutive octogenarians with a mortality rate of 4% (1). Since then, many studies have reported various results; yet most of these studies were based on western populations (2) (3) (4) (5) (6) (7) (8) (11) (12) (13) (14) (15) (16) (17) (18) . Although a few studies have reported the results of cardiac surgery in elderly Asians, most of the studies were about septuagenarians (19) (20) (21) (22) . Mukai et al. reported an operative mortality of 27% in Japanese octogenarians who underwent CABG (23) . However, the total number of patients was small and the operative mortality in that study was higher than those rates that were reported in previous studies. Kawachi et al. have recently reported good early and late results for cardiac and thoracic surgery in 40 Japanese octogenarians, of which 9 cases (23%) were surgeries on the thoracic aorta (9) . In our study, the operative mortality was 5% (1/20), which was a rate comparable with that observed in previous studies, and the cardiac long term survival of our study was excellent. Long term clinical outcomes have been reported as being excellent in several previous studies (3, 12, (14) (15) (16) (17) (18) . Freeman et al. have reported that long term survival of the octogenarian patients with cardiac surgery was even better than that observed for the age and gender matched control groups (13) . Our study showed that the actuarial survival rates at 1 and 2 yr for the 19 hospital survivors were 88% and 80%, respectively, and these rates correspond with the results of other previous studies.
For the postoperative complication, previous studies have reported that increasing age was a risk factor for not only operative mortality but also for postoperative complications (5, 11, 18) . Barnett et al. reported that an age greater than 80 yr was the most significant predictor of postoperative complications (7) . The postoperative complication rate in our study was 25% (5/20), which was lower than those of most other studies. Probability of survival 
Months after surgery
There are several possible explanations for this. First, it may have come about because we tried to limit the use of CPB during the surgery. Only 9 patients (45%) underwent cardiac operations with CPB, and CPB increases the risk of the substantial morbidity and mortality, especially in the elderly (24) (25) (26) , although there has been some controversy about this (27) . In our current study, 3 out of the 5 patients that suffered postoperative complications underwent cardiac surgery with CPB. Second, the definition of postoperative complications in our study was more constricted. For example, worsening azotemia that did not require dialysis or any transient arrhythmia that did not require pacemaker insertion was not regarded as a complication. Finally, there may have been a selection bias when choosing the candidates for cardiac surgery. The patients having a better physical condition preoperatively might have been selected more often for surgery. It is well known that urgent operative procedures result in an overall higher risk of morbidity and mortality in octogenarians (3, 12, 13) . Ishikawa et al. reported a 4-fold increase in operative mortality in the urgent or emergency operation group compared to the elective cases (10) . In our study, there was no operative mortality for the 15 elective operation cases, and one operative death was observed in the 5 urgent cases. The postoperative complication rate for the urgent group (40%, 2/5) tended to be higher than that for elective group (20%, 3/15), although there was no statistically significant difference because of the small number of cases. Postoperative complications occur more frequently in older patients and this may result in longer hospital stays (18, 28) . In our study, the total hospital stay and the postoperative hospital stay were longer for patients with postoperative complications than for those patients without complications. On the other hand, there were no significant differences in the length of the total hospital stay and the postoperative hospital stay between the urgent and elective operation patients. However, the length of ICU stay was longer for the urgent operation patients compared to that of the elective operation patients. These differences suggest that patients who developed postoperative complications need to be hospitalized longer for their treatment, but longer ICU stays were not necessarily needed because those complications were not so serious. For the patients with urgent operations, their hemodynamic status was likely to be more unstable, so intensive care was required more than for those patients with elective operations.
This study is retrospective in nature, and the number of study subjects is relatively small. Yet cardiac surgery performed in octogenarians is still not a widely accepted procedure in Korea, and the current study enrolled all the octogenarian patients who had undergone cardiac surgery in our hospital for the previous 10 yr.
In conclusion, cardiac surgery could be performed with acceptable morbidity and mortality, and favorable long term clinical outcomes could be expected for the octogenarians. Therefore, cardiac surgery should be given more consideration when treating the octogenarians, if such treatment is indicated and necessary.
